the foreseeable future) for all aircraft having an air-to-
ground attack role to possess a basic, visual-attack-with-
conventional-bombs capability which is not jeopardized by
special mission tailoring of these aircraft and which is in-
dependent of external aids. This requirement places a basic
and stringent requirement on the on-board, self-contained
navigation capability of these aircraft which is registered
as a mandate in the mission requirements tables. Extended
capabilities for specific aircraft, such as blind bombing,
are treated as add-ons to this basi¢ requirement and are
allowed for during navigation suite éynthesis for the affected
aircraft.

it i i i



SECTION IV
NAVIGATION SYSTEM TECHNOLOGY

A survey of the present and forecasted navigation sys-
tem state-of-the-art through 1980 was conducted to identify
equipment candidates for potential application in the baseline
mission areas considered in SPANS. Major navigation techno-
logies that have been successfully demonstrated, at least at
the laboratory level, prior to the time of the SPANS study were
included in the survey. The discussion in this chapter focuses
primarily on the generic capabilities and limitations of major
technologies as they relate to the syntheses of acceptable

aircraft navigation suites for initial SPANS studies. Reliability
and LCC data for generic equipments within each technology were
developed for utilization in the STEP analyses.

4.1 LORAN

Loran-C is a low frequency, long range, all weather,
pulsed hyperbolic radio navigation system which is capable
of providing horizontal position fixes of very high repeatable
accuracy but only moderate absolute accuracy. Loran-C evolved
out of Loran-A which was originally developed during World
War II as an aid to navigation. It is presently operational
in several parts of the world and an extensive expansion pro-
gram is currently underway. The military has been using Loran-C
for the past 10 to 15 years, thus numerous Loran-C user equip-
ments are available. Ref. 22 contains a discussion of the normal
operation of Loran-C as a hyperbolic navigation system. Loran-
C can also be used in a direct ranging mode at the expense of

increased complexity of user equipment. This direct ranging

4-1
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mode is capable of providing increased accuracy through a

reduction in user/loran transmitter geometry dependency
errors (Ref. 23).

Loran-D is similar to and compatible with Loran-C,
but designed for military tactical use. The transmitting
stations are helicopter transportable and can be quickly
erected.

Loran-C service in a region is provided by a chain of
transmitting stations consisting of a master and three or
more secondaries. Each chain can provide service to an area
within 1500 nm from the chain baselines. The U.S. Coast
Guard is currently responsible for the operation of seven
Loran-C chains throughout the world. Fourteen additional
stations are planned to complete the coverage of the U.S.
Coastal Confluence Zone and a large portion of the northern
hemisphere. The existing and proposed Loran-C coverages are
shown in Fig. 4.1-1 (Ref. 22). There are presently three
Loran-D chains in the U.S. and one in Europe.

NORWEGIA®
SEA CHAIN

EXISTING LORAN-C
CHAINS

VY

N /}70 NORTHWEST  CHAIN ) > ;
S ST L paCIFIC CHAIN ¢ l\

VEDITIARANEAN
SEA CHAIN

Figure 4.1-1 Existing and Proposed Loran-C Coverage
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4.1.1 Performance Capabilities

The Loran-C navigation system is capable of providing
absolute navigation (horizontal position) accuracies of 0.25
nautical mile rms or better and repeatable navigation accura-
cies of 50 - 300 ft rms (Refs. 24,25). The absolute accuracy
can be improved by a factor of 2 or 3 using sophisticated user
equipment and prior calibration of progagation abnormalities.

The Loran-C system does not inherently provide for
velocity measurements. However, the Loran-C time difference
(TD) measurements can be differentiated to provide velocity
estimates, although the resultant ‘dccuracy will be poor. It
is not known at this time whether existing Loran-C receivers
provide velocity estimates. Research on this issue is con-

tinuing.

The Loran-C user equipment can be integrated with an
inertial navigation system (INS) to provide velocity esti-
mates with an accuracy set by the INS (typically 1 kt to 2 Kkt
rms) (Ref. 26). This capability is provided with the Lear
Siegler, Inc. AN/ARN-101 Loran/Inertial System.

4.1.2 Performance Limitations

The Loran-C navigation system is useable only within
the designated coverage areas outlined in Fig. 4.1-1. However,
the Air Force can deploy a Loran-D system in a tactical
theater in a relatively short time.

As with all radio navigation systems, Loran-C/D is
susceptible to jamming by an adversary. Anti-jamming capa-

bilities can be built into the receivers to reduce their vul-




nerability to jamming. Reference 27 indicates that the jamming
radius of a jammer with power equal to that of the Loran-D
transmitters is about 4 km at a distance of 400 km from the
Loran-D transmitters (assuming maximum anti-jam capability

in the Loran receiver). The analysis in this reference indi-
cates that it is only practical for an adversary to jam a

small area in the vicinity of the jammer.

Nevertheless the possibility of jamming over target
or established hostile areas (particularly of the difficult-
to-detect meaconing variety which corrupts the navigation
data without causing loss of receiver lock-in to the trans-
mitter frequency) limits the utility of Loran as an auton-
omous tactical navigation system. 1In attack, reconnaissance,
and close tactical transport applications it is ultimately °
useful only in a symbiotic role with other onboard, non-
corruptible navigation subsystems. Currenfly the most
potent such combination is the Loran-Inertial complex with a
Kalman filtering algorithm for data integration. This com-
bination provides, not only the maximum immunity of the Loran
receivers from the blanketing type of jamming through inertial
velocity aiding of the tracking loops, but also a mechanism
for detecting meaconing attempts by an adversary and for pre-
venting their effects from corrupting the navigation system

outputs.

4.1.3 User Equipment

A list of military Loran receivers is presented in
Table 4.1-1. Although some receivers in the table are no
longer operational, it is believed that the list contains all
of the Loran systems of current interest (Ref. 28).




5.2 NAVIGATION SUITE SYNTHESIS

Alternative navigation suites for each aircraft under

consideration are synthesized based on aircraft mission require-
ments (Chapter 3) and navigation equipment capabilities (Chapter
4). Each suite must be acceptable from the standpoint of navi-
gatio.l performance. While suite synthesis is primarily a
function of the System Analyst, analytic models exist which

can be utilized to verify that a defined suite satisfies the
navigation requirements of each mission flown by the aircraft.
In particular, the format of the SPANS mission profiles and
suite definitions is compatible with the Avionics Evaluation
Program (AEP) in use at AFAL (Ref. 2). The AEP was in fact
applied to a sample of the SPANS navigation suites during the

course of the study.

Alternative navigation equipment suites were synthe-
sized for the aircraft considered in the SPANS study. For
example, Table 5.2~1 presents a set of alternative suites for |
the KC-135 aircraft. The purpose of the syntheses was not

to define an exhaustive set of alternative configurations,

but rather to provide a basis for identifying potential areas

for equipment standardization across some or all of these |

aircraft. Towards this objective, alternative suite archi-
tectures, as well as alternative subsystem types within a

-

given architecture, were postulated.

The suite syntheses were driven by the mission require-
ments discussed in Chapter 3. The synthesis process was
| initiated by identifying the existing, or proposed, navigation

suites for the applicable aircraft where this information

g was available. Otherwise a baseline suite was formulated

®_»
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TABLE 5.2-1
ALTERNATE KC-135 NAVIGATION SUITES

T-1315
NAVIGATION EXISTING ALTERNATE ALTERNATE ALTERNATE
AVIONICS TYPE AVIONICS 1 2 3

TACAN AN/ARN-118 Same Same Same

VOR AN/ARN-14D Same Same Same

UHF-DF AN/ ARA-82 Same Same Same

OMEGA L s AN/ARN-191" AN/ARN-131°

LORAN AN/APN-70 - - -

SEARCH RADAR AN/APN-59 Improved AN/ Same Same
APN-589

DOPPLER RADAR AN/APN-81 82 Common Strategic CSD Dual CSD
Doppler (CSD)

RADAR ALTIMETER AN/APN-133 Same Same Same

INS £ bual c-1v* C~IV <

AHRS - AHARS (ALA Instrumenta-- Dual AHWARS
249-46) tion (Stand-

by)
COMPASS SYSTEM N-1 Same Same Same
ADS Instrumen- Same Same DADC
tation

COMPUTER AN/ASN-7 Navigation Navigation Navigation
Management Management Management
Computer Computer Computer
(Rudimentary) (Complex) (Rudimentary)

*Electromagnetic Pulse Hardening Required.

based on the existing/proposed suites of similar aircraft

and accounting for unique navigation performance require-
ments of the aircraft under consideration. Modifications

of the baseline suites which satisfied mission requirements
were identified to formulate additional alternatives. The
postulated suites are comprised of specific equipments which
either currently exist or are in development, but are limited
to the current technological era as defined in Chapter 2.

5.3 DSPC ANALYSES OF SUITE ALTERNATIVES

DSPC analyses are conducted over each navigation suite

&
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for each aircraft. Their purpose is to provide feedback to

the system analyst concerning the relative cost-effectiveness
and acceptabilities of the suites. The measure of effectiveness
is the Mission Completion Success Probability (MCSP) and the
measure of cost is life-cycle cost as defined in Section 5.5.
While MCSP is generally defined in the total weapon system
context, for purposes of SPANS it can be regarded as the
probability that successful accomplishment of the defined mis-
sion is not precluded by an equipment failure, or combination

of failures, in the navigation suite.

STEP input data relating to the DSPC analyses includes
definition of equipment duty cycles and failure impact pro-
babilities in the context of the mission profile for each mis-
sion flown by the aircraft. The equipment duty cycle is speci-
fied by

TO, = Operating time of suite equipment
i in phase k of the m'th aircraft
mission (hours)

The failure impact probabilities are specified by

PA. = Probability of mission failure
ikm < : " :
given that suite equipment i
fails in phase k of the m'th
aircraft mission

A typical duty cycle/failure impact probability specification
matrix developed for SPANS is shown in Table 5.3-1. The
mission profile for this example was presented in Table 3.2-2.
The MCSP determination, as documented in Ref. 1, is based on
this matrix, equipment MTBFs, and equipment redundancy inherent

in the defined suite.




DUTY CYCLE/FAILURE IMPACT MATRIX
FOR TANKER MISSION

TABLE 5.3-1

T-1316
MISSION PHASE

EQUIPMENT 4 5 G R
1 |TACAN 0.5 0 ]0.33 ,010.17 0olo0 0o 0lo 010 0 (')Tg—1 010.33|0
2 |OMEGA 0.5]0.2 10.33]0.210.1710.2 |2.010.212.0}0.2 |0.5]013.0]0]0.5}01]0.33]0
3 |[RADAR 0 0.510.3310.5/0.17]0.5 |0 0.51]0.5]0.51{0 01]0 0]0.5/0]0.33|0
4 |ALTIMETER 0 0]0.33 ofjo 010 010 010 0,0 0 fo 0]0.33]0
5 |INS 0.510.510.33/0.3]0.17{0.3 2.010.3}{2.0]0.1 }0.5}01!3.0]0}0.5{0}0.33}0
6 |AHRS(Stdby) | 0.5 |0.2 |0.33| 0.1 |0.17 0.1 |2.0 0}12.0 0]0.5]0]]3.0/{010.5(01]0.33}|0
7 |ADS 0.5]0.2 1]0.33/0.1]0.17}]0.1 [2.0 0]12.0 0(0.5]013.9/0]¢.5]01}0.33]0
8 |COMPUTER 0.510.1]10.33]0.1}0.17 0.1 2.0 0}12.0 0]1]0.5]0({3.0/0 |0.5]0]0.33|0
Note: First tabular entry is operating time of equipment { in mission phase k. Second entry

is probability of mission failure 1f equipment { is lost in mission phase k.

alternatives specified,

The nature of the DSPC ou:iput generated by STEP for
each aircraft is illustrated in Fig. 5.3-1.

From among the

a sequence of improved suites is id-

entified which are optimal in the sense of achieving different
levels of MCSP for the lowest LCC.
meeting the MCSP objective is identified and ''selected'" for

the aircraft.

If the aircraft flies multiple missions,

The lowest LCC suite

The standardization factors associated with each equipment

in the selected suite are updated (see Section §5.5) prior

to consideration in subsequent aircraft programs.

then
the lowest LCC suite meeting all MCSP objectives is selected.
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Figure 5.3-1 MCSP vs LCC for Navigation
Suite Alternatives

5.4 IDENTIFICATION OF STANDARDIZATION CONCEPTS

A standardization concept is defined for purposes of
SPANS by identifying both the equipment which is to be stand-
ardized and the specific aircraft on which it is to be ap-
plied. Standardization concepts are identified through ex-
amination of the equipment suite alternatives which are ac-
ceptable based on the DSPC analyses. As a first step, a
rudimentary matrix of equipments and aircraft, such as di-
splayed in Fig. 5.4-1, is developed. This matrix directs
the System Analyst to specific equipments and aircraft that

are candidates for standardization.

The identified candidates are then examined in greater
detail as to the feasibility of standardization. TFor example,
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Figure 5.4-1 Standardization Candidate

Identification Matrix

Inertial Navigation System (INS) options are classified in ac-
cordance with the INS accuracy requirements associated the the
candidate aircraft. Similarly, standard digital computer
options are classified in accordance with memory size and pro-
cessing time requirements associated with the corresponding
navigation suites as well as any nonnavigational functions
(e.g. weapon delivery) that the computer must perform. Through
this process specific standardization concepts are identified
for subsequent global LCC tradeoff analyses.

5.5 GLOBAL LIFE-CYCLE COST ANALYSIS

A life-cycle cost model is incorporated in STEP for
the purposes of comparing alternative standardization concepts
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identified. This model is unique in that system life-cycle
costs are coimputed cn 2 global hasis, that is over multiple
aircraft programs as opposed to just one, with equipment com-
monality between different aircraft factored into the LCC

computation.

5.5.1 Overview of STEP LCC Model

The manner in which G-LCC considerations are
addressed in STEP is illustrated in Fig. 5.5-1. Crucial to
the concept is that aircraft are analyzed in chronological
order of their scheduled activation/retrofit programs. A
table of ''standardization factors'" is maintained for each
equipment that in effect reflect the cegree to which that
equipment has been applied on aircrait analyzed to date in
the evaluation. These factors are parameters of the LCC
computation for the aircraft under current evaluation. When
this evaluation is complete, the standardization factors as-
sociated with each equipment are updated, reflecting their
application on the aircraft. The updated factors are then
utilized in any LCC computations for subsequent aircraft

programs that utilize this equipment.

5.5.2 Elements of LCC Considered in STEP

It was not an objective of SPANS to estimate system
life-cycle costs on an absolute basis. It was an objective
to consider all major elements of LCC which are potentially
influenced by standardization considerations and for which
sufficient data exists to evaluate the relative differences

between navigation technologies. The following LCC elements

are included:
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o

° Hardware Development

® Support Equipment Development

) Hardware Acquisition

e Support Equipment Acquisition

) Technical Data, Initial Training,

Field Support and Associated
Nonhardware Acquisition Costs

° Initial Spares

® Recurring Maintenance (Intermediate or
I-Level and Depot or D-Level)

@ Packaging and Shipping
® Support Equipment Operation

and Maintenance

These elements are evaluated for specific equipments utilizecd
on specific aircraft through direct input, analytic expressions,
or Cost Estimating Relationships (CERs). All are impacted in
one way or another by standardization.

5.5.3 1Input Data Requirements

There are three basic sets of input data required for
the STEP LCC computation:

® Standard Cost Factors
) Aircraft-Related Data
) Equipment-Related Data

These items are defined in Tables 5.5-1, 5.5-2, and 5.5-3
respectively.

Suite definition data identifying the redundancy level
(if any) of the equipment, and the equipment duty cycle (see

Table 5.3-1) are also used in the 1.CC computation.

5-1.
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TABLE 5.5-1
STANDARD COST FACTORS DATA

REQUIREMENTS
T-1317
STEP
FACTOR DEFINITION SYMBOL
Exponent of Production Learning Curve for Navi- LC
gation Equipment
Exponent of Production Learning Curve for Sup- LCSE
port Equipment
Ratio of Nonhardware Acquisition Costs to First- ROH
Unit Cost
Depot Working Hours/Month DHM
Support Equipment Utilization Factor (Utilizable UTIL
Hours/Hour)
I-Level Repair Turnaround Time (Months) TAT
Resupply Time to CONUS Located Bases (Months) RSTC
Resupply Time to Overseas Located Bases (Months) RSTO
Shipping Time to Depot from CONUS Bases (Months) BDSC
Shipping Time to Depot from Overseas Bases (Months) BDSO
D-Level Repair Turnaround Time (Months) DTAT
Depot Stock Safety Factor (Standard Deviations) DSF
Reliability Growth Factor (Slope of Duane Curve) a
I-Level Labor Rate (Dollars/Hour) SBR
I-Level Materials Consumption Rate (Dollars/Hour) SBMC
D-Level Labor Rate (Dollars/Hour) SDR
D-Level Materials Consumption Rate (Dollars/Hour) SDMC
Annual Support Equipment Operation and Maintenance CSEM
Cost (% of SE Acquisition Cost)
Packaging and Shipping Cost-CONUS (Dollars/Pound) SPSC
Packaging and Shipping Cost-Overseas (Dollars/Pound) SPSO
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TABLE 5.5-2
AIRCRAFT DATA REQUIREMENTS
T-1318
STEP
Rt DEFINITION SIMEOL
Initial Year of Activation/Retrofit Program 1BY
Final Year of Activation/Retrofit Program IFY
Activation/Retrofit Rate (Aircraft/Month) RP ]
Total Number of Aircraf: NA 1
Projected Aircraft Life LIFE
Number of Base Locations NB
Base Location Index; (Code No. for each USAF base) IBE
Number of Aircraft (for each Base Location) NBA'
Number of Missions Performed NM
Mission Identifier Index (for each Mission) IMm
Missions Flown Per Month (for each Mission) NMPMm :
Mission Success Probability Objective (for each Mission) SI’Om
Availability Objective (Aircraft Availability for Mission) AO
Reliability K-Factor (Operational MTBF/Baseline MTBF) K

TABLE 5.5-3
EQUIPMENT DATA REQUIREMENTS

T-1319
STEP
DEFINITION SYMBOL |
Projected Availability Date (Year) IYA
Development Cost (§) nc W
First-Unit Acquisition Cost (§) FupC
Initial Baseline MTBF (Hours) MTBF t
Number of LRUs NLRU ‘\
LRU Cost/Equipment Cost (for each LRU) F(‘.1
Equipment MTBF/LRU MTBF (for each LRU) FM‘1
Fraction of Repairs Performed at I-Level (for each RTS.‘
LRU)
Weight (Pounds for each LRU) W“
I[-Level Repair Time (Manhours for each LRU) BRT.1
D-Level Repair Time (Manhours for each LRU) DR'T.i
l1-lLevel Support Equipment Development Cost (§) sDhB
First-Unit Acquisition Cost for I-Level SE (§) FuCB
D-Level Support Equipment Development Cost (§) sph !
First-Unit Acquisition Cost for D-Level SE (§) FUCD j
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5.5.4 Incorporation of Standardization Considerations

The standardization factors defined in Table 5.5-4
also enter the STEP LCC computations. The initial values in-
dicated are the assumed values for a new item of equipment
that has yet to be utilized in an aircraft program. When ex-
isting equipments are included in the STEP data base, the
factors are initialized in accordance with the procurement
experience and current utilization of the equipment.

TABLE 5.5-4
EQUIPMENT STANDARDIZATION FACTORS
T-1320
STEP INITIAL
DEFINITION SYMBOL VALUE
i :
Initial Inventory Introduction Switch | ISS(l) i 0
|
Quantity Procured to Date i NQ ! 0
|
Current Acnuisition Cost | PC FUPC(3)
Cumulat:ve Subsystem Usage at Start of Year ! TK 5000(all K)
K (Eours for each Year K in the Analysis {
Time Horizon) ! I
; |
Baseline MTBF at Start of Year K (Hours | wrer, | wrep(3)
for each Year K in the Analysis Time i | (all K)
Horizon)
|
Quantity of I-Level SE Procured to Date l NSEB i 0
Current I-Level SE Acquisition Cost ($) l PSEB i Fuca(3)
Quantity of D-Level SE Procured to Date h NSED 0
|
Current D-Level SE Acquisition Cost ($) ‘ PSED l Fucp(3)
I-Level SE Base Location Switches (for ISB;(Z\ 0
each USAF Base Location) { -
|
Peak Return Rate of LRU j to Depot (Returns/ | PRR. [ o0
Month for each LRU) ’ X I
- | |
Current Level of LRU j Depot Spares NSDFB | o
(for each LRU) j

NOTES: 0 if equipment has been applied in a previous aircraft

VAT e -{1 if current aircraft is the initial application

(O 1f equipment I-Level SE is not currently located
(2) ISB, =) at base i
o 1 If equipment [-Level SE 1s currently located at
hase 1
(3) As defined in Table 5.5-3




The fundamentals of the standardization update functions

are discussed below; detailed equations are documented in
Appendix A.

Initial Introduction - When an equipment is applied on

an aircraft program for the first time, the inventory introduction
switch is thrown which effectively zeros out the one-time LCC

elements (development, SE development, nonhardware acquisiton)
when that equipment is utilized in subsequent aircraft pro-
grams.

Production Learning Curve - The basis of learning curve

cost analysis is the assumption that each time the production
quantity for an item of equipment doubles, the cost per item
decreases by a constant percentage of its previous cost.
Empirical data exist supporting this assumption, although uni-
form agreement as to what the real learning factors are does
not exist. Incorporation of this effect in the G-LCC com-
putation is illustrated in Fig. 5.5-2. The first aircraft
utilizing an equipment incurs acquisition costs based on the
initial portion of the learning curve. The equipment cost is
then updated by moving down the learning curve based on the
acquisition quantity. The updated cost is applied in sub-
sequent aircraft applications.

Learning curves are also used in establishing the sup-
port equipment costs. In general, these curves will differ from
those used on the installed avionics equipment since they will
be based on different empirical data. It is not maintained
herein that standardization in itself reduces acquisition costs
in this manner, only that the potential for cost reduction
exists if an appropriate procurement method can be established.
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Figure 5.5-2 Unit Acquisition Cost vs

Cumulative Production Quantity

Reliability Improvement - Empirical data (Refs. 45,

46, 47) exist demonstrating that if an ecuipment reliability

improvement program is sustained during operational usage, than

equipment MTBF grows with cumulative operating time in the man-

ner displayed in Fig. 5.5-3. This behavior is often referred

to as following a Duane model of reliability improvement.

A
R.2487)
w
s DUANE MODEL
z MTBF = 1 K(T)"
[ -
o
-
o = GROWTH RATE (0.1 <= 06)
K = CONSTANT
T = CUMULATIVE OPERATING TIME
LOG (CUMULATIVE OPERATING TIME)
Figure 5.5-3 MTBF vs Cumulative Operating

Time
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After selection of an equipment for an aircraft pro-
gram, the Duane effect is reflected in STEP as follows:

) The equipment cumulative operating
time vs calendar time profile (Tk)

is updated based on projected aircraft
usage

) The updated operating time profile is
used to update the MTBF vs calendar
time profile applying the Duane model

® The updated MTBF profile is applied in
subsequent aircraft LCC computations.

The following LCC elements for subsequent aircraft programs
are reduced as a result:

® D-Level Support Equipment Acquisition
® Initial Spares
@ Recurring Maintenance

@ Packaging and Shipping

There is also an improvement in system effectiveness for sub-
sequent aircraft as measured by Mission Completion Success
Probability. Again, it is not maintained that standardization
in itself will result in reliability improvement, only that

it provides the potential if appropriate incentives can be
provided to the equipment manufacturer.

I-Level Support Equipment - It is assumed that savings

in I-Level SE costs are possible if aircraft utilizing the
same equipment are colocated. This is recognized in STEP
through the SE Base Location Switches. After an equipment is

selected for application in an aircraft program, these switches

5-16




are thrown at each base location where the aircraft is deployed
to indicate the presence of the SE at these locations. As a
result, subsequent aircraft programs applying the same equip-
ment will not be required to acquire I-Level SE for those
locations where the SE exists as a result of previous programs.

D-Level Spares and Support Equipment -~ Standardization

can reduce overall SE and spares requirements at D-Level. In
effect, this is due to the fact that greater logistics support
efficiency is achievable with large SE and spares pools than
with several small pools. This effect is recognized in STEP by
maintaining the status of these pools (NSED and NSDPJ in Table
5.5-4) as aircraft programs are sequentially analyzed. When an
aircraft program applies a previously utilized equipment, the
D-Level SE and spares requirements are computed as the incre-
mental quantities required on top of the existing pools to
satisfy logistic support objectives. All other things equal,
this incremental requirement generally decreases as the size

of the existing pool is increasea.
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SECTION VI

STANDARDIZATION CONCEPT EVALUATION

6.1 DATA BASE APPLIED IN CONCEPT STUDIES

A data base was developed to illustrate typical stand-

ardization tradeoff analyses using STEP. The standard cost

factors defined in Table 5.5-1 were developed from AFLC docu-
ments (Ref. 48) and other source material.

force structure data described in Chapter 2,

Based on the
aircraft data re-
cords in the format of Table 5.5-2 were developed for the
following aircraft:

® Tactical (F-16, A-10A, A-10B, Follow-

On Interceptor, Advanced Tactical
Fighter)

° Tanker and Cargo Transport (ATCA,
AMST, KC-135)

] Strategic Bombers (B-52, B-1)

Based on a number of sources equipment data records in the
format of Table 5.5-3 were developed for several generic
types of navigation equipments.

Alternative navigation suites, comprised of generic
equipment included in the data base, were synthesized for each
of the above aircraft. These suites were the basis for con-
ducting the representative standardization tradeoff studies.
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6.2 STANDARDIZATION CONCEPTS STUDIED

The DSPC option of STEP was applied to identify areas
in the initially proposed suites where additional redundancy
was required to satisfy MCSP objectives. The suites modified as
‘such were then examined for potential standardization alterna-
tives. For purposes of demonstrating the methodology, the
standardization concepts summarized in Fig. 6.2-1 were identified
for analysis.

AIRCRAFT UTILIZING THE STANDARD EQUIPMENT
F16 [ FO! ]A 10AI A-ms] ATF] AMST [ ATCATKC 135] 852 ] B-1

STANDARD EQUIPMENT

(BASIC STANDARDIZATION CONCEPT) (EXTENDED CONCEPT)
STANDARO (NS

C-1V INS

(BASIC STANDARD!ZATION CONCEPT) (EXTENDED CONCEPT)
NAVIGATION COMPUTER

OMEGA

DOPPLER RADAR

Figure 6.2-1 Standardization Concepts Analyzed

As shown, two ranges of standardization were con-
sidered for the standard INS and for the navigation computer. \
The basic INS standardization concept is over tactical air- ?
craft; the extended concept includes tanker and cargo/trans-
port aircraft. The extended concept is traded off against
the alternative of applying the Carousel-IV commercial INS
on the tanker and cargo/transport aircraft. The same
alternative ranges were considered for the airborne navi-
gation computer. The basic concept reflects the application

of a standard, relatively simple, fire control computer in




‘@mec cical aircraft. The extended concept reflects application

<. a more complex computer to perform the navigation/weapon
delivery function on tactical aircraft and the navigation manage-
ment function on tanker and cargo/transport aircraft.

6.3 STEP APPLICATION TO STANDARDIZATION CONCEPTS

STEP was then utilized to assess the relative global
life-cycle cost benefits of the standardization options identi-
fied. A specific option was evaluated by establishing STEP
navigation suite definition data identifying the candidate stan-
dard item of equipment with the appropriate aircraft suites.
STEP was then exercised in each of the following modes:

Mode 1: The standardization factor update
function is executed after each
suite/aircraft LCC evaluation

Mode 2: The standardization factor update

function is bypassed after each
suite/aircraft LCC evaluation

This procedure is illustrated in Fig. 6.3-1.

NEXT AIRCRAFT L&
PROGRAM

MODE 2
MODE 1 \
READ ’

DEFINED LOCAL LCC STANDARDIZATION :
SUITE EVALUATION FACTORS UPDATE ‘
|
f

STANDARDIZATION
Le—— FACTORS - — —

FIRST AIRCRAFT
PROGRAM

— e —

GLOBAL LCC

Figure 6.3-1 Modes of STEP Operation




The G-LCC output resulting from Mode 1 operation
reflects the effects of standardization concepts established
in the suite definition. Since the standardization factors
update is bypassed in Mode 2, the G-LCC output reflects, in
effect, the application of nonstandard equipment throughout.
Accordingly the LCC benefits of the standardization concept
is measured by the difference between the Mode 1 and Mode 2
G-LCC.

In an absolute sense, this is an optimistic measure
of the standardization benefits since it does not account for
the effects of optimizing equipment selections at the indi-
vidual aircraft program level instead of applying a standard.
To study this effect, distinct records in the navigation
equipment file must be established for the locally optimal
equipments. G-LCC comparisons may then be performed between
navigation suites utilizing these equipments and suites im-
plementing the standardization concept. An example of such
a comparison is presented in Section 6.4. However, the G-LCC
difference between Mod~ 1 and Mode 2 STEP operation provides
a meaningful measure of the relative benefits of alternative
standardization concepts, which is the purpose of the SPANS
study.

6.4 RESULTS OF CONCEPT STUDIES

The results of the G-LCC tradeoff studies conducted
for the alternative standardization concepts are summarized
in Table 6.4-1. It is reemphasized that the indicated mone-
tary benefits are optimistic. They reflect only the LCC dif-
ference between using a standard item in place of an equiva-
lent nonstandard item on each of the indicated aircraft,
based on the assumed effects of standardization on LCC as

described in Section 5.5.4.
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TABLE 6.4-1

GLOBAL LCC BENEFITS OF ALTERNATIVE
STANDARDIZATION CONCEPTS

T-1336

ASSUMPTIONS
CASE 1: STANDARD SUBSYSTEM APPLIED IN EACH AIRCRAFT

NEW SUBSYSTEM DEVELOPED FOR EACH AIRCRAFT

CASE 2:

COST CHARACTERISTICS OF EACH NEW SUBSYSTEM AND STANDARD

SUBSYSTEM ARE INITIALLY IDENTICAL

BENEF1TS
NAVIGATION APPLICABLE CASE 1 CASE 2 (Case 2 - %= (CASE 2~ CASE 1)
SUBSYSTEM AIRCRAFT GLOBAL LCC GLOBAL LCC | Case 1 ) CASE 2
INERTIAL NAVI- F-16, A-104A, $310 M $560 M $250 M 45%
GATION SYSTEM A-10B, FOJ
INERTIAL NAVI- F-16,A-10A,A-10B,] $402 M $718 M $316 M 44%
GATION SYSTEM FOI, AMST ATCA,

KC-135
NAVIGATION COM- F-16,A~10A,A-10B,{ $160 M $280 M $120 M 43%
PUTER FOI
NAVIGATION F-16,A-104,A-10B.( $210 M $357 M $147 M 41%
COMPUTER FOI ,AMST,ATCA, ;

KC-135
OMEGA AMST ,ATCA ,KC-135 $ 14 M $ 20 M $ 6 M 307
DOPPLER RADAR B-52,B-1,RC-135 $ 28 M $ 42 M $ 14 M 33%

To illustrate the areas in which standardization re-

duces life-cycle costs,

the G-LCCs for the extended INS

standardization concept are broken down into constituent
elements in Table 6.4-2.

It is seen that a substantial por-~
tion (45%) of the G-~LCC benefits are attributable to savings
in recurring maintenance costs for the system.

This is a

result of reliability improvement that is assumed to occur
with maturity of the standard system (it does not reflect
improved maintenance personnel efficiency which will glso

probably occur).

Recurring maintenance cost savings were

found to be higher for inertial equipments than for other

types of avionics.

This is probably due to the high main-

tenance costs generally associated with these items (Ref. 49).
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TABLE 6.4-2

BREAKDOWN OF GLOBAL LCC BENEFITS
FOR INS STANDARDIZATION
T-1335

ASSUMPTIONS

° GLOBAL LIFE-CYCLE COSTS CONSIDERED OVER F-~16.
A-10A, A-10B, I'OI, AMST, ATCA, KC-135

L] CASE 1: STD INS USED IN EACH PROGRAM
CASE 2: NEW INS DEVELOPED FOR EACH PROGRAM

» COST CHARACTERISTICS OF EACH NEW INS AND STD
INS ARE INITIALLY ID.NTICAL

CASE 1 CASE 2
LCC ELEMENT STANDARD INS NON-STANDARD INS
ONE-TIME COSTS" $ 13 M $ 91 M
HARDWARE ACQUISITION $160 M $210 M
SUPPORT EQUIPMENT $ 12 M $ 25 M
SPARES $ 44 M C$ 7T M
RECURRING MAINTENANCE | $173 M $315 M
TOTAL $402 M $718 M

*Development, Technical Data, Initial Training, Contractor
Support, etc. &

Further insight is gained by breaking down global life-~
cycle costs by individual aircraft programs as displayed in
Fig. 6.4-1. Since it is assumed that the standard INS and non-
standard INS are equivalent systems, the LCCs are identical
for the A-10A, the initial aircraft program. The life-cycle
costs of the standard INS drop significantly relative to the
nonstandard INS in subsequent aircraft programs. While the
magnitude of the LCC savings is greatest on the larger air-
craft programs such as the F-16, on a normalized basis (e.g.
savings per aircraft) the savings are greater on smaller pro-
grams such as the AMST. This is attributable to the fact
that for the nonstandard case one-time costs are amortized
over fewer aircraft and acquisition costs are incurred over
the initial portion of the production learning curve. Hence
a preliminary conclusion that can be drawn from studies of this
nature is that small aircraft programs should utilize existing

equipment to the extent possible.
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The extended INS standardization option example is

AIRCRAFT PROGRAM
(IN ORDER OF ACTIVATION/RETROFIT)

Standard vs Nonstandard INS
LCC by Aircraft Program

carried one step further to illustrate the tradeoff methodology.

When the standard INS is considered for application on tanker

and cargo/transport aircraft,
Delco Carousel-1IV commercial INS recently selected by
Force for retrofit of the C-141.

it must be compared against the

the Air

in terms of production cost and reliability, as a result

widespread commercial airlines application on the Boeing 747

An LCC data record for this

system was established based

current cost and reliability data. STEP was

then use

d

to

This is a mature system,
of

on

compare its life-cycle costs on tanker and cargo/transport

aircraft against the standard INS, assuming

ard INS was also procured and utilized on

The results of this

comparis

on are presentec
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TABLE 6.4-3

' STANDARD INS VS COMMERCIAL INS FOR TANKER AND
CARGO/TRANSPORT AIRCRAFT

R 2vao0e

ASSUMPTIONS
o GLOBAL, LIFE-CYCLE COSTS CONSIDERED OVER KC-135, ATCA, AMST
° STANDARD INS ALSO UTILIZED ON F-16, FOI, A-10A, A-10B

. COMMERCIAL INS (CAROUSEL-1V) IS MATURE WITH RESPECT TO
PRODUCTION COST AND RELIABILITY

LCC ELEMENT STANDARD INS COMMERCIAL INS
ONE-TIME COSTS $0OM $OM
HARDWARE ACQUISITION $44 M $58 M
SUPPORT EQUIIMENT $6M $7TM
SPARES $11 M $S5M
RECURRING MATNTENANCE $26 M $11 M

TOTAL $R7 M ;;;—;

The standard INS is seen to be favorable from the
standpoint of acquisition costs. This is a result of pro-
duction experience which would be gained in tactical air-
craft programs. However the reliability maturity resulting
from tactical applications is npt sufficient to ''catch-up"
with the commercial INS, as reflected in the difference in
initial spares and recurring maintenance costs. The dif-
ference in total LCC for the two systems is not judged to
be significant.

6.5 CONCLUSIONS AND RECOMMENDATIONS

The major result of the SPANS study was a demon-

stration of a quantitative approach to standardization issues.




It was proven feasible to analyze and compare alternatives

within the three dimensions of avionics standardization -~
equipment, aircraft, and time. The methodology was also
illustrated to have potential application in ongoing aircraft
equipment standardization programs in the following capac-
ity:

o To identify candidate aircraft program
applications for the standard

® To compare the standard against alterna-
tive equipments for specific aircraft

° To guide development effort and acquisi-
tion strategy for the standard to maximize
its competitive position.

The applications of the SPANS methodology to date,
as described herein, have been simplist 2 in nature, directed
more at proving the analysis process than at deriving firm
conclusions. In the dynamic environment of emerging naviga-
tion technologies, aircraft program cancellations, etc., it
is believed that the methodology is more significant than any
preliminary conclusions with respect to specific standardiza-
tion options which could easily be negated in the near future.
However, the early results do provide insight into avionics
standardization and its payoffs. For example, one of the
fundamental problems associated with standéfdization, that
of justifying the initial aircraft application of a standard,
is displayed in a visible manner.

The standardization concept identification process
with a System Analyst in the loop also proved to be enlight-
ening in uncovering significant issues such as:




